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(54) Method of operating alkali chloride electrolytic cell 

(57) A method of operating an alkali chloride elec- 
trolytic cell, comprising: providing an alkali chloride 
electrolytic cell comprising a gas diffusion cathode and 
a cation-exchange membrane, the gas diffusion cath- 
ode and cation-exchange membrane defining a caustic 
chamber; allowing a caustic alkali aqueous solution to 
flow in the caustic chamber at a linear velocity of at least 
1 cm/sec. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a method of operat- 
ing an alkali chloride electrolytic cell. More particularly, 
it relates to a method of operating an alkali chloride 
electrolytic cell which maintains a high current efficiency 
while preventing deterioration of the ion exchange 
membrane. 

RELATED ART 

[0002] A method of obtaining a caustic alkali by 
electrolysis of an alkali chloride aqueous solution by an 
ion-exchange membrane method which uses a gas dif- 
fusion cathode is known. This method is achieved with 
an electrolysis cell partitioned with an ion -exchange 
membrane, usually a cation-exchange membrane, into 
an anode chamber having an anode and containing an 
alkali chloride aqueous solution and a cathode chamber 
having a cathode and containing water or a caustic 
alkali aqueous solution, in which a gas diffusion cathode 
made of a porous body and supplied with an oxygen- 
containing gas is used as the cathode to produce a 
caustic alkali in the cathode chamber. The merit of this 
technique consists in that hydrogen gas does not gener- 
ate on the cathode so that the requisite electrolytic volt- 
age is markedly reduced. 

[0003] Documents disclosing the above-mentioned 
electrolysis method includes JP-A-54-97600 (The term 
"JP-A" used herein means an "unexamined published 
Japanese patent application"), JP-A-56-44784, JP-A- 
56-130482, JP-A-57-1 52479, JP-A-59-1 33386, JP-A- 
61-266591, JP-B-58-44156 (The term \JP-B" used 
herein means an "examined Japanese patent publica- 
tion"), JP-B-58-49639, JP-B-60-9595, and JP-B-61- 
20634. 

[0004] As is recognized from the teachings dis- 
closed, the subjects of conventional studies on electrol- 
ysis by the ion-exchange membrane method have been 
confined to the techniques for producing, or improving 
of the performance of, a gas diffusion cathode, with little 
consideration given to the improvement on the method 
of operating the electrolytic cell used in the ion- 
exchange membrane method. In order to efficiently 
operate the electrolytic cell of this type, it is important to 
establish such operating conditions as to keep the ion- 
exchange membrane in its best condition. 
[0005] In carrying out alkali chloride electrolysis by 
a conventional ion-exchange membrane 1 method with- 
out using a gas diffusion cathode, the cell is partitioned 
with an ion-exchange membrane into an anode cham- 
ber having an anode and a cathode chamber having a 
cathode, and an alkali chloride aqueous solution is fed 
to the anode chamber, where chlorine gas is produced; 
and water or a dilute aqueous solution of a caustic alkali 
is fed to the cathode chamber, where a caustic alkali 



and hydrogen gas are produced. The anode and the 
cathode are made of gas- and liquid-permeable materi- 
als. An anoiyte (aqueous alkali chloride solution) and a 
catholyte (aqueous caustic alkali solution) are supplied 

5 from the back side of the respective electrodes, and the 
gas generated on the electrodes is discharged to the 
back side of the respective electrodes. The cell being so 
constructed, the anode chamber and the cathode 
chamber contain gas and liquid in a mixed state so that 

70 the gas produces a liquid agitating effect. As a result, 
the alkali chloride concentration in the anode chamber 
and the caustic alkali concentration in the cathode 
chamber are both maintained substantially uniform. 
[0006] The situation in the alkali chloride electrolytic 

15 cell having a gas diffusion cathode is different. That is, 
an anode chamber having an anode, an ion-exchange 
membrane, a caustic chamber, a gas diffusion cathode, 
and a gas chamber are arranged in this order, and an 
alkali chloride aqueous solution is fed to the anode 

20 chamber, where chlorine gas evolves. In this respect, 
the cell structure is basically the same with that used in 
the method using no gas diffusion electrode. The differ- 
ence lies in that an oxygen -containing gas is Jed to the 
gas chamber which is adjacent to the gas diffusion cath- 

25 ode on the side opposite to the ion-exchange mem- 
brane and that a caustic alkali is produced in the caustic 
chamber provided between the ion-exchange mem- 
brane and the gas diffusion cathode. The caustic cham- 
ber is supplied with water or a dilute aqueous solution of 

30 a caustic alkali. 

[0007] Because no gas evolves on the gas diffusion 
cathode, there is no gas in the aqueous caustic alkali in 
the caustic chamber. Accordingly, the aqueous caustic 
alkali is not to be agitated by generated gas as is 

35 observed with the case of electrolysis using no gas dif- 
fusion cathode. It follows that the caustic alkali concen- 
tration in the caustic chamber tends to be non-uniform. 
In orderto avoid this, circulation of a caustic alkali aque- 
ous solution has been adopted. 

40 [0008] Circulation of a caustic alkali aqueous solu- 
tion has also been used in conventional electrolysis sys- 
tems having no gas diffusion cathode. In these systems, 
the discharged caustic alkali concentration ranges from 
30 to 35% by weight, while the concentration of the sup- 

45 plied dilute caustic alkali is lower than that by a few per- 
cents. 

[0009] Where the circulation system is applied to 
the alkali chloride electrolytic cell having a gas diffusion 
cathode, the caustic alkali concentration distribution in 

50 the caustic chamber can be controlled within several 
percents, which has been accepted non-problematical 
in running. However, when such operation is continued 
for a long period of time, a reduction in current efficiency 
can result because of deterioration of the ion-exchange 

55 membrane. The cause of the deterioration of the ion- 
exchange membrane is assumed ascribable to the sub- 
stantial increase in caustic alkali concentration in the 
vicinities of the ion-exchange membrane. 
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SUMMARY OF THE INVENTION 

[0010] tt is therefore an object of the present inven- 
tion to provide a method of operating an alkali chloride 
electrolytic cell having a gas diffusion cathode to elec- 5 
trolyze an alkali chloride aqueous solution to produce 
chlorine and a caustic alkali, in which the ion-exchange 
membrane is prevented from deterioration thereby to 
maintain high current efficiency for an extended period 
of time. 

[0011] Other objects and effects of the present 
invention will become apparent from the following 
description. 

[0012] The present inventors have extensively 
investigated a countermeasure against deterioration of 
the ion-exchange membrane in the production of chlo- 
rine and a caustic alkali by electrotyzing an alkali chlo- 
ride aqueous solution in an electrolytic cell having a gas 
diffusion cathode. As a result, they have found that the 
object is accomplished by feeding a caustic alkali aque- 
ous solution to the caustic chamber between the cation- 
exchange membrane and the gas diffusion cathode at 
or above a given flow rate. They have found that the 
caustic alkali concentration in the vicinities of the ion- 
exchange membrane is maintained on a proper level by 
controlling the flow of the aqueous caustic alkali solution 
in the caustic chamber thereby to prevent the ion- 
exchange membrane from being deteriorated and, as a 
result, high current efficiency can be retained for a pro- 
longed period of time. 

[0013] The present invention provides the following 
methods of operating an alkali chloride electrolytic cell. 

(1) A method of operating an alkali chloride electro- 
lytic cell, comprising: 



4 

external circulation system. 
DETAILED DES CRIPTION OF THE INVENTION 

[0015] Alkali chloride electrolysis by the ion- 
exchange membrane method using a gas diffusion 
cathode involves a cathode reaction in which oxygen 
and water participate as represented by formula: 

1/40 2 + 1/2H 2 0 + e -> OK 

[0016] An example of the electrolytic cell by the ion- 
exchange membrane method us«ng a gas diffusion 
cathode is schematically illustrated in Fig. 1 . The box 
type electrolytic cell 1 shown in Fig. 1 has an ion- 
exchange membrane 2 and a gas diffusion electrode 3 
that are vertically set up in parallel to each other to par- 
tition the cell into a caustic chamber 4, an anode cham- 
ber 5 and a gas chamber 6. The caustic chamber 4 is 
between the ion-exchange membrane 2 and the gas dif- 
fusion electrode 3, the anode chamber 5 is adjacent to 
the caustic chamber 4 with the ion-exchange mem- 
brane 2 therebetween, and the gas chamber 6 is adja- 
cent to the caustic chamber 4 with the gas diffusion 
electrode 3 therebetween. 

[0017] The anode chamber 5 has a gas-permeable 
anode 7 in intimate contact with the ion-exchange mem- 
brane 2, an anolyte feed opening 8 at the bottom, and 
an anolyte discharge opening 1 1 at the top. The caustic 
chamber 4 has a caustic solution feed opening 1 0 at the 
bottom and a caustic solution discharge opening 11 at 
the top. The gas chamber 6 has a gas feed opening 12 
at the top and a gas discharge opening 13 at the bot- 
tom. 

[0018] The mechanism of the anode chamber 5 is, 
in principle, the same as in the electrolytic cell by an 
ordinary ion-exchange membrane method using no gas 
diffusion cathode 3. An alkali chloride aqueous solution 
is supplied from the anolyte feed opening 8 and electro- 
lyzed on the gas-permeable anode 7 to form chlorine 
gas and a dilute aqueous solution of the alkali chloride, 
which are discharged from the anolyte discharge open- 
ing 9. The alkali metal ions generated on the anode 
pass through the ion-exchange membrane 2 in the 
thickness direction into the caustic chamber 4. 
[0019] To the caustic chamber 4 are fed a caustic 
alkali aqueous solution or water from the caustic solu- 
tion feed opening 10, and the reaction according to the 
formula shown above takes place by the action of the 
gas diffusion cathode 3. The hydroxyl ions produced 
react with the alkali metal ions having penetrated 
through the ion-exchange membrane 2 to form a caustic 
alkali, which is discharged from the caustic solution dis- 
charge opening 11 . At the same time, an oxygen-con- 
taining gas is supplied through the gas feed opening 12 
to the gas chamber 6, which is provided next to the gas 
diffusion cathode 3 on the side opposite to the caustic 
chamber 4, and discharged from the discharge opening 
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providing an alkali chloride electrolytic cell 
comprising a gas diffusion cathode and a cat- 
ion-exchange membrane, said gas diffusion 
cathode and cation-exchange membrane *o 
defining a caustic chamber; 
allowing a caustic alkali aqueous solution to 
flow in said caustic chamber at a linear velocity 
of at least 1 cm/sec. 

45 

(2) The method according to the above method (1 ), 
wherein the linear velocity of said caustic alkali 
aqueous solution is from 1 cm/sec to 10 cm/sec. 

BRIEF DESCRIPTION OF THE DRAWINGS 50 

[0014] 

Fig. 1 is a schematic illustration of an electrolytic 
cell by an ion-exchange membrane method using a 55 
gas diffusion cathode. 

Fig. 2 schematically illustrates a circulation mode of 
a caustic alkali aqueous solution by means of an 
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13. 

[0020] In the above-described electrolytic cell, the 
aqueous caustic alkali solution in the caustic chamber 4 
is apt to get non-uniform because of the absence of gas 
which might have produced an agitating effect. To make 
the aqueous caustic alkali solution in the caustic cham- 
ber 4 uniform, it is a practice generally followed that the 
aqueous caustic alkali solution is circulated by means of 
an external circulation system. 

[0021] Fig. 2 schematically illustrates the circulation 
mode of the aqueous caustic alkali solution by means of 
an external circulation system, wherein water 21 and a 
dilute caustic alkali 22 are fed to the caustic chamber 4 
of the electrolytic cell 1 (not shown in Fig. 2) by means 
of an externally provided circulation tank 20, and the 
discharged liquid from the caustic chamber 4 is 
returned to the circulation tank 20. The circulation tank 
20 is supplied with water 21 to adjust the caustic alkali 
concentration. The caustic alkali 22 produced in the 
caustic chamber 4 is discharged from the circulation 
tank 20. 

[0022] Even where electrolysis is performed in such 
a circulation mode, continuation of the operation can 
often result in a reduction of current efficiency, which 
has turned out to be ascribable to the deterioration of 
the ion-exchange membrane. The mechanism of the 
ion-exchange membrane's deterioration, while not nec- 
essarily clear, may be accounted for as follows. An ion- 
exchange membrane generally used in alkali chloride 
electrolysis allows sodium ions to permeate during elec- 
trolysis. At the same time, the membrane also allows 
water molecules to pass through. The amount of water 
that permeates usually ranges from about 3.5 to 4.0 
times the molar quantity of sodium. The concentration 
of the caustic alkali in the vicinities of the ion-exchange 
membrane in the caustic chamber side must be as high 
as about 36 to 39%. It is accepted that the ion -exchange 
membrane should be used in a caustic alkali concentra- 
tion between 30 and 35% and that operation in higher 
concentrations can result in deterioration of the ion- 
exchange membrane. Therefore, even though the aver- 
age concentration throughout the caustic chamber is 
within a proper range, it is assumed that the higher con- 
centration in the vicinity of the ion-exchange membrane 
can lead to the deterioration of the membrane. 
[0023] tt is a conceivable approach to the above 
problem to make the flow of the caustic alkali turbulent. 
A turbulent flow can be produced by, for example, plac- 
ing an obstacle such as a spacer inside the caustic 
chamber to disturb the caustic alkali aqueous solution 
flow, introducing an inert gas to agitate the flow, or circu- 
lating the caustic alkali aqueous solution at a high rate. 
However, the method using a spacer as an obstacle 
cannot be said to be a good measure because the 
spacer is very likely to act as an electrical resistor in 
electrolysis. An increased resistance would lead to an 
increased voltage. Gas introduction is also accompa- 
nied with an increase in resistance. 



[0024] The method relying on the high-speed flow 
of the caustic alkali aqueous solution is advantageous 
in that it is easy to carry out and does not need struc- 
tural modification of the caustic chamber, while disad- 

5 vantageous in that the flow rate sufficient to create a 
turbulent flow results in a vast amount of flow, which 
requires an increased cost of power. 
[0025] According to the present inventors' study, 
however, it has been ascertained that a considerably 

10 low flow rate that falls short of creation of a turbulent 
flow is enough to prevent the ion-exchange membrane 
from being deteriorated. That is, the object of the inven- 
tion is sufficiently accomplished by making the caustic 
alkali aqueous solution to flow in the caustic chamber at 

15 a linear velocity of at least 1 cm/sec. While the Rey- 
nolds' number required to create a turbulent flow in 
engineering is usually 4,000 or more, such a small flow 
rate as one several tensth of that Reynolds' number is 
sufficient in the present invention, which is, in terms of 

20 linear velocity, 1 cm/sec or more. The linear velocity of 1 
cm/sec corresponds to a Reynolds' number of about 60. 
[0026] The upper limit of the linear velocity is practi- 
cally 10 cm/sec and preferably 5 cm/sec. Accordingly, 
the linear velocity is preferably from 1 cm/sec to 10 

25 cm/sec, and more preferable from 1 cm/sec to 5 cm/sec. 
While the linear velocity could exceed 10 cm/sec, too 
high a linear velocity not only increases the inner pres- 
sure of the caustic chamber, which may lead to dam- 
ages to the ion-exchange membrane or the gas 

30 diffusion electrode, but is impractical in view of the cost 
of power. 

[0027] In the case of electrolysis by the general ion- 
exchange membrane method using no gas diffusion 
cathode, a caustic alkali aqueous solution is supplied 

35 from an external circulation tank to the cathode cham- 
ber (caustic chamber). This circulation aims at not only 
narrowing the caustic alkali concentration distribution in 
the cathode chamber but heating or cooling the caustic 
solution thereby to optimize the electrolytic cell temper- 

40 ature. Since hydrogen gas evolves in the cathode cham- 
ber to bring about agitation, the caustic alkali 
concentration is equalized. Therefore, an extremely 
small flow rate of the caustic alkali aqueous solution 
would be enough. The flow rate required for the temper- 

45 ature control is also small. Assuming that no hydrogen 
gas evolves in the above case, the linear velocity of the 
caustic alkali aqueous solution in the cathode chamber 
is as low as 0.1 cm/sec or less. 

[0028] Where the general ion-exchange membrane 
so method of electrolysis using no gas diffusion electrode 
is applied as such to the system using a gas diffusion 
electrode, long-term operation badly damages the ion- 
exchange membrane as stated above. According to the 
invention, the performance of the ion-exchange mem- 
55 brane can be maintained for a prolonged period of time 
by controlling the linear velocity of the caustic alkali 
aqueous solution flowing in the caustic chamber at or 
above 1 cm/sec, preferably within the range of from 1 to 
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1 0 cm/sec, stil prefe-ab y within the range of from 1 to 5 
cm/sec. 

[0029] The linea* velocity of the caustic alkali aque- 
ous solution in the caustic chamber can be increased to 
1 cm/sec or more by employng a circulation pump of 
sufficiently large capacity or by narrowing the caustic 
chamber. The latter method is preferred from the stand- 
point of reduction of the electrolytic voltage. Whichever 
method is adopted, what is important is to increase the 
linear velocity of the caustic alkali aqueous solution 
flowing in the caustic chamber. 

[0030] According tc the present invention, the ion- 
exchange membrane maintains high performance, 
being prevented from damage even in long-term opera- 
tion, by the simple method comprising increasing the 
linear velocity of the caustic alkali aqueous solution in 
the caustic chamber. 

[0031] The present invention will now be illustrated 
in greater detail with reference to tne following Exam- 
pies, but it should be understood that the invention is not 
limited thereto. 

EXAMPLE 1 

[0032] Electrolysis of sodium chloride was carried 
out under the conditions shown below. 

Condition of Electrolysis: 

[0033] 

Electrode area: 1 dm 2 (1 0 cm x 1 0 cm) 
Current density: 30 A/dm 2 

Anode: DSE (RTM : available from Permelec Elec- 
trode Ltd.; comprising a titanium base having a 
coating mainly comprising RuOj/TiC^) 
Ion-exchange membrane: N954 (available from E.I. 
du Pont de Nemours & Co.) 
Cathode: gas diffusion electrode (see below) 
Distance between electrodes: anode/ion-exchange 
membrane = 0 mm: ion-exchange membrane/cath- 
ode = 5 mm 

Caustic soda concentration: 32% 

Circulation rate of caustic soda: 30 liter/hr 

Linear velocity of aqueous caustic soda in caustic 

chamber: 1 .67 cm/sec 

Anolyte concentration: NaCI = 200 g/l 

Fed gas: oxygen gas of 1 .6 times the theoretical 

[0034] The gas diffusion cathode used in the cell 
was prepared by hot pressing into one body a gas diffu- 
sion layer made of 60 wt% of hydrophobic carbon black 
(acetylene black produced by Denki Kagaku Kogyo 
K.K.) and 40 wt% of po lyt etraf I uoro ethylene (PTFE) (D- 
1 , available from Daikin Industries, Ltd.), a reaction layer 
made of 20 parts by weight of hydrophilic carbon black 
(AB-12, available from Denki Kagaku Kogyo K.K.) and 
1 0 parts by weight of PTFE, and a silver mesh as a cur- 



8 

rent collector, and applying thereto 3 mg/cm 2 of silver as 
a catalyst. 

[0035] The average electrolytic voltage during 370- 
day running was 2.31 V. The current efficiency was 
5 98.18% after 70 days, 96.63% after 105 days, 95.15% 
after 215 days, and 95.23% after 362 days, being 
always maintained above 95%. No abnormalities was 
found in the ion-exchange membrane after the running. 

w COMPARATIVE EXAMPLE 1 

[0036] Electrolysis was carried out under the same 
conditions as in Example 1, except that the circulation 
rate of the aqueous caustic soda was changed to 13 

75 1/hr which corresponded to the linear velocity of 0.72 
cm/sec. The average electrolytic voltage during 294-day 
running was 2.31 V. The current efficiency decreased 
with the time of running, being 94.93% after 54 days, 
90.89% after 147 days, and 78.89% after 252 days. 

20 After the testing, the ion-exchange membrane was 
found to have blisters. 
" "[0037] The present invention provides a method of 
operating an alkali chloride electrolytic cell having a gas 
diffusion cathode for producing chlorine and a caustic 

25 alkali, in which the ion-exchange membrane is pre- 
vented from being deteriorated thereby to secure high 
current efficiency for an extended period of time. 
[0038] While the invention has been described in 
detail and with reference to specific embodiments 

30 thereof, it will be apparent to one skilled in the art that 
various changes and modifications can be made therein 
without departing from the spirit and scope thereof. 

Claims 

35 

1. A method of operating an alkali chloride electrolytic 
celt, comprising: 

providing an alkali chloride electrolytic cell 
40 comprising a gas diffusion cathode and a cat- 

ion-exchange membrane, said gas diffusion 
cathode and cation-exchange membrane 
defining a caustic chamber; 
allowing a caustic alkali aqueous solution to 
45 flow in said caustic chamber at a linear velocity 

of at least 1 cm/sec. 

2. The method according to claim 1 , wherein the linear 
velocity of said caustic alkali aqueous solution is 

so from 1 cm/sec to 10 cm/sec. 
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